Background and objectives: Anemia is a well known complication of chronic kidney disease (CKD); however, the prevalence of anemia within CKD stages in the pediatric population has not been established. Additionally, the associated morbidity of anemia in the pediatric CKD population has not been elucidated.
A nemia in chronic kidney disease (CKD) is largely due to decreased production of erythropoietin (1) . Correction of anemia with erythropoietin has been associated with a variety of beneficial effects in children, including improvement in quality of life, appetite, exercise tolerance, and Wechsler intelligence score (2, 3) .
The risk of anemia in children with CKD increases as the GFR decreases (1, 4, 5) . Whereas studies in children with ESRD have shown that anemia is associated with an increased risk of hospitalization and mortality (6, 7) , the relationship between anemia and morbidity in children with predialysis CKD has yet to be studied in a large cohort. Moreover, prior studies have analyzed small numbers of children, included children with renal transplants, and used adult definitions of anemia without adjusting for the variation in normative values that occur during childhood.
Recently, several large adult studies of both dialysis and nondialysis CKD patients have demonstrated an increased risk of morbidity and mortality with complete correction of hematocrit (8 -10) . This possible association has not been examined in the pediatric predialysis CKD population. Accordingly, this study describes the prevalence of anemia in a large cohort of children with predialysis CKD. Additionally, we describe the relationship between anemia and morbidity (hospitalization) in this cohort. As a secondary aim, two definitions of anemia are compared: an age-independent definition using the National Kidney Foundation-Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines and an age-dependent definition using age-and gender-appropriate norms.
Materials and Methods

Study Population
A retrospective cohort study of pediatric patients with CKD (estimated GFR Ͻ 75 ml/min/1.73m
2 ) enrolled in the North American
Pediatric Renal Trials and Collaborative Studies (NAPRTCS) Chronic Renal Insufficiency (CRI) registry was performed. Patients are eligible for enrollment through their 20th birthday. Patients on chronic dialysis are not included in the CRI registry. NAPRTCS is a voluntary registry that began collecting data on children with chronic renal insufficiency in 1994. Currently, more than 6400 patients are enrolled in the registry. Information is collected at enrollment and every 6 mo thereafter, until disenrollment due to the initiation of dialysis, kidney transplant, loss to follow-up, or death. Patients were classified by disease severity into one of five stages using the KDOQI CKD staging system (11) . Estimated GFR (eGFR) was determined via the Schwartz equation (12) . All patients with CKD stage II to V and at least 12 mo of follow-up data were included. Patients were excluded if they had a history of a prior kidney transplant or dialysis, or if they were Ͻ2 yr of age because the KDOQI staging system does not include patients less than 2 yr (11). Patients without either a baseline or a 1-yr follow-up hematocrit, or the data needed to estimate GFR (height and serum creatinine) were also excluded.
Definition of Terms
Primary diagnosis was defined as the primary etiology of CKD. Patients were divided into five categories: obstructive uropathy, focal segmental glomerulosclerosis (FSGS), reflux nephropathy, renal dysplasia, and other. These are the categories of CKD etiology used in the NAPRTCS database.
We used the KDOQI CKD staging system: Stage I GFR Ն 90 ml/ min/1.73m 2 The serum calcium was adjusted for serum albumin as follows: measured calcium (mg/dl) ϩ 0.8 ϫ [4-serum albumin (g/dl)]. We defined a calcium value of 8.5 to 10.0 mg/dl as normal. Calcium values below 8.5 mg/dl were classified as low and values above 10.0 mg/dl were classified as high.
The definition of hyperphosphatemia was adjusted for age in the following manner: Ն6.5 mg/dl for 2 to 5 yr; Ն5.8 mg/dl for 6 to 12 yr; and Ն4.5 mg/dl for 13 to 20 yr.
Parathyroid hormone (PTH) values were divided into a dichotomous variable on the basis of being above or below twice the upper limit of the KDOQI target based on CKD stage (13) . Hence, intact PTH values Ͼ140 pg/ml (stage II or stage III), 220 pg/ml (stage IV), or 600 pg/ml (stage V) were defined as Ͼ2 times the upper limit of normal.
The year of entry into the registry was also divided into a dichotomous variable. The early cohort included those patients registered from 1994 to 1997 and the late cohort included those registered from 1998 to 2006.
Two definitions of anemia were used in the analysis. The first was a hematocrit Ͻ 33%, the lower limit recommended by KDOQI (14). The second was a hematocrit z-score below Ϫ2. Data from the Third National Health and Nutrition Examination Survey was used to determine age-and gender-appropriate normal hematocrit values and SD for the general pediatric population in the United States (15) . z-scores were generated using these means and SD. Hematocrit values were used because hemoglobin data are not available in the NAPRTCS database.
Study Objectives
The primary outcome measure was hospitalization during the 1-yr postenrollment follow-up period. Hospitalization was only analyzed as having occurred or not occurred. The number of hospitalizations, duration of hospitalization, and elective versus acute were not considered because the data were either incomplete or not collected by the database.
The relationship between baseline anemia (hematocrit Ͻ 33%) and hospitalization during the subsequent year was analyzed. To address the possible morbidity associated with a higher hematocrit, separate analyses were also run using cutoffs of 36 and 39%. The following covariates were included in the analysis: age, gender, race, primary diagnosis, registry year, height z-score, weight z-score, body mass index (BMI) z-score, erythropoietin use, human growth hormone use, PTH, iron supplementation, antihypertensive medication use, CKD stage, eGFR, corrected serum calcium, serum albumin, and serum phosphorus. Additionally, we considered the possibility of confounding between hematocrit and CKD stage as well as hematocrit and erythropoietin use. The same covariates were also examined for their association with baseline hematocrit.
As a secondary aim, the above analyses were repeated using the standardized age-dependent z-score definition of anemia to assess which definition was a more appropriate measure of anemia in this patient population.
Statistical Analyses
The prevalence of anemia by CKD stage was determined using descriptive statistics. Univariate logistic regression analyses were used to assess the factors associated with anemia at baseline and hospitalization during the first year after registration. All identified factors were entered into the model and removed in a backwards-stepwise manner using a significance level of 0.05. Multivariate logistic regression modeling was used to estimate the relative risk and 95% confidence intervals of hospitalization of anemic patients compared with nonanemic patients. Receiver operating characteristic (ROC) curves were generated to determine the clinically relevant cutoff for anemia as a predictor of hospitalization during the first year. The two alternate definitions of anemia were compared using two statistical methods: NcNemar's test for marginal homogeneity and the Kappa statistic to measure agreement. The analysis was performed using SAS version 8.2 (SAS Institute Inc., Cary, North Carolina, USA).
Results
Study Population Demographics
A total of 6405 patients were enrolled in the NAPRTCS CRI database. Of those, 2950 did not have complete data available (either eGFR or hematocrit) at either registry initiation or at the 1-yr follow-up. The 719 patients under 2 yr of age and a single patient with missing gender data were excluded. Thus, there were 2779 remaining patients ages 2 and older with complete data (eGFR and hematocrit) available for analysis.
We compared the characteristics of the patients who met the inclusion criteria to those who were excluded. All variables except gender were significantly different (all P values Ͻ 0.0003, data not shown). In general, included patients tended to be younger, Caucasian, carry the diagnosis of obstructive uropathy, and have better renal function. Additionally, included patients were less likely to be anemic or to be receiving erythropoietin.
The prevalence of anemia (hematocrit Ͻ 33%) by CKD stage is presented in Figure 1 . It increased from 18.5% in CKD stage II to 68% in CKD stage V.
There are some notable differences when comparing those patients who were hospitalized to those who were not hospitalized (Table 1) . Younger patients (ages 2 to 5 yr) had a higher frequency of hospitalizations compared with older patients (24.9 versus 20.7%). As expected, 28% of CKD stage V patients were hospitalized (28 of 100) whereas only 18.7% of patients with CKD stage II were hospitalized (105 of 561). More anemic (hematocrit Ͻ 33%) patients were hospitalized than nonanemic patients (27.5 versus 18.2%). Notably, patients with a higher hematocrit did not have an increased rate of hospitalization (Table 2) .
Hospitalizations
There were 597 (21.5%) patients hospitalized within the first year of enrollment. The median number of hospitalizations was one (maximum of 12) and the median number of days in the hospital was five (maximum of 125). Reasons for hospitalization available in the database include infection, hypertension, and other cardiovascular problems. Of those hospitalizations that listed an etiology, 39.5% were infection related, whereas 10% were hypertension related.
The multivariate logistic regression analysis of factors associated with hospitalization is summarized in Table 3 . All factors that were significant in the univariate analysis were included in the multivariate analysis. Age, gender, and CKD stage were not significant in the univariate analysis. Age and gender were therefore not included in the multivariate analysis. However, CKD stage was included given its relationship to anemia. Factors associated with hospitalization in the multivariate analysis included anemia, albumin, height z-score, primary diagnosis, erythropoietin use, race, and cohort year. After adjusting for the above factors, anemic patients (hematocrit Ͻ 33%) were 55% more likely to be hospitalized than were nonanemic patients [odds ratio (OR) 1.55, 95% confidence interval (CI) 1.23 to 1.94]. The OR was unchanged when age and gender were included in the model. Additionally, the OR were similar when hematocrit cutoffs of 36 and 39% were evaluated (OR 1.74, 95% CI 1.40 to 2.17 and OR 1.57, 95% CI 1.19 to 2.07, respectively). Table 4 is an analysis of risk factors associated with anemia (hematocrit Ͻ 33%) at baseline. The significant risk factors were CKD stage, primary diagnosis, use of iron supplementation, use of erythropoietin, albumin, elevated serum phosphorus level, elevated PTH level, age, weight z-score, elevated serum calcium, antihypertensive medication use, and cohort year.
ROC curves demonstrating the thresholds for anemia in relation to hospitalization are depicted in Figures 2 and 3 . Figure  2 shows the curve for the KDOQI anemia definition of Ͻ33%. After examining multiple cutpoints by hematocrit percent, the optimal cutpoint for predicting hospitalization was found to be 31%. Table 5 compares the two alternate definitions of anemia. On the basis of z-score, 44% of all patients were anemic. This contrasts with 35% having anemia on the basis of the KDOQI definition. The two methods agreed in 89% of the patients (34% had anemia and 55% did not have anemia). In contrast, 10% of patients fulfilled the z-score definition of anemia, but did not have a hematocrit Ͻ 33%. Only 1% of patients had a hematocrit Ͻ 33% while not meeting the criteria for anemia on the basis of their z-score. McNemar's test for the marginal differences in distributions of the two definitions was statistically significant (P value Ͻ 0.0001). However, the kappa coefficient measuring agreement between the two definitions was 0.767, with 0.81 to 1.00 indicating almost perfect agreement.
When the multivariate logistic regression analysis of factors associated with hospitalization was analyzed using standardized age-and gender-specific normal values for hematocrit (the anemia z-score), we obtained a similar increase in risk for hospitalization in anemic patients (OR 1.39, 95% CI 1.11 to 1.74) using the same covariates from the previous regression analysis.
The analysis of risk factors associated with anemia was also repeated with the z-score definition. Using the same statistical model, we identified the same risk factors for anemia, except cohort year lost significance; whereas gender, height z-score, and BMI z-score became significant. Figure 3 shows the ROC curve for the alternate anemia definition based on z-score. After evaluating multiple cutpoints by z-score, less than Ϫ3.0 was determined to be the best for predicting hospitalization.
Discussion
Anemia is a well described complication of CKD in children, but there is little information about its prevalence or effect on morbidity in the pediatric predialysis population. We found that the prevalence of anemia increases with increasing CKD stage, approaching 71% of children with CKD stage V. In the multivariate analysis, pediatric CKD patients with anemia have a significant increase risk for hospitalization during the first year of follow-up when compared with nonanemic CKD patients after adjusting for other potentially confounding factors. Furthermore, hematocrit levels above either 36 or 39% were not associated with increased risk of hospitalization.
Although the prevalence of anemia in the adult CKD population has been reported to be as high as 47.7% (16), the prevalence of anemia in the predialysis pediatric CKD population has previously not been well characterized. A recent singlecenter study from Ontario reported that anemia (hematocrit Ͻ 33%) was present in 36.6% of the pediatric CKD patients, and the prevalence of anemia increased from 31% in stage I to 93.3% in patients who were in either stage IV or V (4). However, their cohort included dialysis and transplant patients and was limited to a single center's population, with only 15 children in CKD stages IV and V combined. Moreover, more than 50% of their patients had stage I CKD. Although the prevalence of anemia in our cohort was only slightly less (35% overall using the KDOQI definition and 44% using the z-score definition) than what was seen in the Ontario experience, comparisons are difficult because of significant differences in study design (definitions and patient populations).
The most recent KDOQI guidelines recommend a target hemoglobin of 11 to 12 g/dl, not to exceed 13 g/dl in children and adults (14) . Studies evaluating the effect of normalization of hematocrit in the adult population have had mixed results, including two studies noting an increased morbidity associated with higher hemoglobin concentrations (8, 9, 17, 18) . Subsequent to the publication of these trials, the U.S. Food and Drug Administration issued a black box warning for all erythropoiesis-stimulating agents noting an increase risk of death or serious cardiovascular events when dosed to achieve a hemoglobin greater than 12 g/dl (19). We did not note any association between higher hematocrit (either Ͼ36% or Ͼ39%) and risk of hospitalization in the first year in this cohort of patients. However, the correct target hemoglobin for children remains uncer- tain given the absence of data correlating hemoglobin to outcome in children, in addition to the significant variation in normal hemoglobin values at different ages. Anemia is associated with increased morbidity and mortality in adults and children with CKD (20, 21) . In children with CKD, Gerson et al. have shown that anemia (hematocrit Ͻ 36%) is associated with a decreased quality of life in adolescents, whereas Warady and Ho found anemia (hematocrit Ͻ 33%) to be associated with an increased frequency of hospitalization and an increased mortality risk in children initiating dialysis (7, 22) . Additionally, when looking at hospitalization rates, peritoneal dialysis patients with anemia had a hospitalization prob- ability rate of 17.2% compared with 12.3% for nonanemic patients (7). We found similar results pertaining to hospitalization risk in nondialysis CKD patients. A study of adolescent patients receiving hemodialysis demonstrated that anemia (hemoglobin Ͻ 11 g/dl) was associated with a significant increase in mortality. Interestingly, there was no statistically significant association between anemia and risk of hospitalization (6) . This difference from our results may be due to the smaller number of patients analyzed in the hemodialysis cohort (type II error), but could also be related to different effects of anemia in different patient populations. This emphasizes the importance of studying predialysis CKD patients separately from patients receiving dialysis.
ROC curves for accuracy of predicting hospitalization were developed for both hematocrit percent as well as hematocrit z-score. Reviewing the ROC curve data illustrates that the hematocrit percent definition appears to have a slight advantage as a predictor of hospitalization compared with the z-score definition of anemia; however, neither definition of anemia is particularly predictive of hospitalization risk.
The multivariate analysis did show an association between both iron supplementation and erythropoietin use and risk for hospitalization. Although this association seems counterintuitive, it may be explained by the close correlation between anemia and both iron supplementation and erythropoietin use. These two variables are likely acting as surrogate markers for anemia in the analysis.
Of the prevalent patients with CKD stage IV and V, only 5.7 and 2.0%, respectively, have a primary diagnosis of FSGS. Although this diagnosis may seem underrepresented in the higher CKD stages, it is likely due to the more rapid progression of disease in this subset of patients, leading to smaller numbers in the higher CKD stages, and likely higher numbers in the ESRD categories. This is supported by the high number of patients with FSGS that have been excluded from this analysis.
We looked at the question of the appropriate definition of anemia in the pediatric predialysis CKD population and found no substantial difference in the risk of hospitalization between the two definitions (OR 1.55 for hematocrit Ͻ 33% and OR 1.39 for z-score).
Although the two definitions did agree on the anemia status of 89% of the patients, there was a noteworthy difference in the prevalence of anemia between the alternate definitions, with the z-score definition classifying 44% of the cohort as anemic and the KDOQI definition classifying only 35% as anemic. Interestingly, the most recent KDOQI clinical practice recommendations for target hemoglobin do suggest that consideration should be given to the age specific normal values when targeting therapy (14).
There are limitations of our study. The NAPRTCS database, although the largest database of its kind, is a voluntary registry. Thus, there may be a significant number of pediatric CKD patients who are not enrolled. Additionally, there may be hospitalizations that were not entered into the database; indeed, there were many patients excluded from the analysis because of missing data and incomplete follow-up. Moreover, the available data are limited to information that is routinely collected in the database at 6-mo intervals. This has limited the analysis to that presented here, not allowing for a time-variant analysis, which may more accurately portray the association between hospitalization and anemia.
We acknowledge that were many patients excluded and that there were significant differences between the patients included in the study and those excluded. These differences are likely due to the inclusion criteria developed for the study. Children with more severe CKD and those with acquired forms of renal disease such as FSGS may be more likely to progress to ESRD before completing 1 yr of follow-up and thus be excluded from the study. Given the large number of excluded patients, it must be acknowledged that this population represents a specific cohort of patients with slower progression of renal disease (because they remained in the CRI database longer). It is important to emphasize that this study demonstrated an association between anemia and risk of hospitalization and no evidence of causality can be established in this population. Although we controlled for many potentially confounding variables, it is possible that anemia is acting as a surrogate marker for other conditions that are causally linked to increased hospitalization risk, such as chronic inflammation or more significant underlying disease. Indeed, inflammation has been shown to be associated with anemia and morbidity in CKD patients (23) . Unfortunately, we were not able to evaluate markers of inflammations, such as C-reactive protein, because of limitations of the database. However, this association is currently being investigated by the National Institute of Health funded, multicenter, Chronic Kidney Disease in Children study.
Conclusions
We observed an increasing prevalence of anemia associated with increasing severity of CKD. Use of erythropoietin was more common in higher CKD stages, but many anemic patients were not treated with this therapy. Anemia was associated with an increased risk of hospitalization in nondialysis dependent children with CKD. Complete correction of anemia was not associated with any increased risk of hospitalization as has been seen in the adult population. Future studies should address the effect that correction of anemia has on hospitalization rates, as well as quality of life, learning capacity, and other important outcomes in children with CKD. 
